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EXTENDING PERSONAL AREA NETWORKS 
Background 

This invention relates generally to radio frequency 
networks in which a plurality of devices communicate with 
5 one another using radio frequency signals. 

A piconet is radio frequency network in which a 
plurality of devices communicate over an established 
protocol. One such an established protocol is the Bluetooth 
specification. See for example, revision b of the Bluetooth 
10 specification dated July 2, 1998. The Bluetooth technology 
is a short range, cable replacement radio technology using 
the 2.4 GHz Industrial Scientific and Medical (ISM) band. 
Generally, the range of the existing Bluetooth devices is 
about 10 meters. 

15 In a Bluetooth network, all units are peer units using 

essentially identical radios except for a unique 48 bit 
address. At the start of a connection, an initializing unit 
is temporarily assigned as a master. That assignment is 
valid only during that connection. The master initiates the 

20 connection and controls the traffic of up to seven slave 
units . 

Units then may be dynamically connected to the piconet 
at any time. A connection is made either by a page message 
issued by a master, if an address is already known, or by an 

25 inquiry message followed by a subsequent page message if the 
address is unknown. In the initial page mode, the master 
sends a train of sixteen identical page messages on sixteen 
different hop frequencies defined for the slave unit being 
paged. The train covers half the sequence of frequencies in 

30 which the slave can wake-up and is repeated 128 times. If 
no response is received, the master transmits a train of 
sixteen identical page messages on the remaining sixteen hop 
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frequencies in the wake-up sequence. The maximum delay 
before the master reaches the slave may be 2.5 seconds. 

Inquiry messages are very similar to the page message 
but may be require one additional train to collect all the 
5 responses. If no data needs to be transmitted, the piconet 
units, may be put on hold where only an internal timer is 
running. When the units go out of the hold state, data 
transfer can be restarted instantaneously. The units may 
thereby remain connected, without data transfer, in a low 
0 power state. Data may be exchanged over synchronous 
connection oriented (SCO) links or asynchronous 
connectionless (ACL) links. 

A personal area network is a network that may be 
established using Bluetooth technology, for example, between 
5 a master and a plurality of proximate slave devices. A 

personal area network generally involves a piconet wherein a 
plurality of devices commonly owned by one person are able 
to communicate with one another without using cables. 

Thus, personal area networking is generally limited to 
the connection between proximate devices. In the case of 
Bluetooth-style piconet, that means that all of the devices 
in the piconet are within ten meters of one another. 

However, in a variety of different circumstances any 
one user may have devices that the user wishes to 
communicate with that are spaced much farther than ten 
meters apart. For example, a user may have a home computer 
and a computer at work that are more than ten meters apart. 
Because of the range limitations of conventional cable 
replacement radio frequency protocols, communications 
between such remote devices in different piconets is 
currently not possible. Each of the piconets, set-up on an 
ad hoc basis, is effectively isolated in a local ten meter 
region . 
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Thus, there is a need for a way to enable piconets to 
communicate with one another at distances greater than the 
range of the particular radio frequency protocol utilized to 
establish the piconet. 

5 

Brief Description of the Drawings 
Figure 1 is a schematic depiction of one embodiment of 
the present invention; 

Figure 2 is a data flow diagram of one embodiment of 
10 the present invention; 

Figure 3 is a block diagram of hardware for 
implementing a device in accordance with one embodiment of 
the present invention; and 

Figure 4 is a flow chart which may be utilized by the 
15 device of Figure 3 in accordance with one embodiment of the 
present invention. 

Detailed Description 
Referring to Figure 1, a pair of telephones 16 and 20 
may be connected over a telephone network 18 in one 

20 embodiment of the present invention. In one embodiment, 
each telephone 16 or 20 communicates using digitized or 
packetized data such as that associated with the digital 
personal communication services (PCS) network as one 
example. In other cases, conventional telephones may be 

25 utilized. In one implementation, each telephone 16 and 20 
may be a cellular telephone. 

Each telephone 16 may also be compliant with a radio 
frequency communication protocol such as the Bluetooth 
protocol. Thus, each telephone 16 or 20 may be a member of 

30 a proximate, local personal area network (PAN) . In the case 
of the telephone 16, its personal area network or piconet 14 
may include a personal digital assistant (PDA) 12 as one 



WO 02/082773 



PCT/US02/10188 



example. Thus, the piconet 14 may include a master which 
may be the PDA 12 or the telephone 16. 

Similarly, the telephone 20 may be in its own piconet 
22 that may include, in this example, a printer 24, a 
5 personal digital assistant (PDA) 26 and a personal computer 
28. In this case, as one example, the telephone 20 may be 
the master of the piconet 22. The piconets 14 and 22 may 
both be Bluetooth protocol piconets or any other radio 
frequency protocol network. 

10 Conventionally, the PDA 12 cannot communicate with the 

PDA 26 because the distance between the piconets 14 and 22 
is greater than the range of the radio frequency protocol 
that is utilized by each piconet 14 or 22. However, the 
devices 16 and 20 may communicate over a non-radio-frequency 

15 network such as the telephone network 18. That 

communication may involve a cellular telephone call to a 
base station connected over a conventional land line phone 
network (public switched telephone network (PSTN) ) to 
another base station and then, by a cellular connection to 

20 the telephone 20, in one embodiment of the present 
invention . 

However, each telephone 16 or 20 may receive 
enumeration information from all of the devices in its 
piconet 14 or 22. For example, using the Bluetooth 

25 protocol, an ad hoc piconet 14 is automatically established 
between proximate devices 16 and 12. Similarly, an ad hoc 
piconet 22 may be established that includes the telephone 20 
and the devices 24, 26, and 28 as one example. A master in 
each piconet automatically develops enumeration data for the 

30 piconet that lists each device in the piconet, in one 
embodiment . 

Thus, each telephone 16 and 20 may include the 
enumeration data for its piconet in one embodiment. This 
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may be because the device 16 or 20 is the master of its 
piconet or, even if the telephone 16 or 20 is a slave in its 
piconet, the telephone 16 or 20 obtains the enumeration data 
for all the devices in its piconet 14 or 22. The 
5 enumeration data may include an address or identifier for 
each device. The enumeration data may or may not include 
specific information about what type of devices are in the 
piconet 14 or 22. 

When a cellular telephone communication occurs between 

10 the devices 16 and 20, digital packets may be generated by 
each telephone 16 and 20 and transferred over the telephone 
network 18 in one embodiment. Each telephone 16 or 20 may 
automatically append, to packetized voice data, enumeration 
data about the devices in a proximate piconet 14 or 22 as 

15 the case may be. This enumeration data may be transferred 
as a burst transmission in one embodiment. As other 
embodiments, the enumeration data is transferred at 
different times when possible or the enumeration may be 
transferred progressively, appending piconet enumeration 

20 data to successive packets of voice data. 

In one embodiment, each telephone 16 or 20 acts a proxy 
for the remaining devices in its piconet 14 or 22. If such 
case, the piconets 14 and 22 may be temporarily combined 
into a single piconet that includes all of the devices in 

25 the piconet 22, for example, plus the device 16 that acts as 
proxy for the device 12, as one example. Alternatively, the 
combined piconet may include the devices 12 and 16 in the 
piconet 14 together with the device 20, which acts as a 
proxy for the remaining devices in the piconet 22 . 

30 As one example, the telephone 16, which initiates the 

call to the other telephone, may automatically be 
established as the master for the combined piconet and the 
receiving telephone such as the telephone 20, may then 
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become a slave. However, other protocols may be utilized to 
established a combined piconet. 

As a result, during the course of a telephone 
conversation, for example ongoing between the telephone 16 
5 and 20, data may also be exchanged between the PDA 12 and 
any of the devices 24 through 28. This may occur 
seamlessly, without being noticed by the telephone 
conversants, in one embodiment of the present invention. 
Referring to Figure 2, the piconet A may be, for 
10 example, the piconet 14 and the telephone A may be, for 

example, the telephone 16. The telephone A then sends an 
inquiry to the piconet A as indicated at 30a. Any devices 
in piconet A receive and respond to the inquiry as indicated 
at 32a. In such case, the telephone A may be established as 
15 the master of the piconet A. The telephone A then receives 
the response and enumerates piconet A. The information 
about piconet A is then stored in a memory associated with 
telephone A. 

At the same time, the same or similar steps may be 
20 implemented by telephone B (such as the telephone 20) and 
the piconet B, such as the piconet 22, as indicated by the 
arrows 30b and 32b. At this point, the telephone A then 
establishes a telephone network 18 connection to telephone B 
as indicated at 36. This corresponds to the user making a 
25 telephone call from the telephone 16 over the network 18 to 
the telephone 20. 

The telephone A may then either request piconet B 
enumeration data (developed at 32b) or may receive the data 
automatically. In the illustrated embodiment, a request 38 
30 is made to telephone B and the telephone B responds with the 
enumeration data as indicated at 40. In such case, the 
telephone A becomes the master and appropriates piconet B 
into piconet A. 

6 
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In one embodiment, the telephone A may likewise provide 
piconet A enumeration data to the telephone B or to some 
other device in the piconet B as indicated at 42. The proxy 
for piconet B, namely the telephone B, then responds, 
5 indicating that it has received the enumeration data. At 
that point, the telephone A may establish communications 
with any device in piconet B or piconet A as if all the 
devices were in the same piconet. Thus, any device in 
piconet A may communicate with any device in piconet B at 

10 the same time a telephone conversation is going on between 
the users of the telephones A and B. 

Referring to Figure 3, one embodiment of a telephone 16 
or 20 includes an antenna 4 6 and a power amplifier 48. The 
power amplifier 48 communicates with a duplexer 50 that is 

15 coupled to receive circuitry 52 and transmit circuitry 56. 
The transmit circuitry 56 may be coupled to a microphone 58 
and likewise the receive circuitry 52 may be coupled to a 
speaker 54 . 

The receive circuitry 52 may be coupled to a decoder 64 
20 that decodes any packets that are received. These packets 
may be voice packets or data packets including either 
enumeration data or data destined for a particular device in 
a particular piconet. The decoder 64 communicates with a 
processor 60. The processor 60, in one embodiment, may be a 
25 microcontroller. The processor 60 may include a memory 62 

that in one embodiment may be a flash memory. The memory 62 
may store software 68 and enumeration data. 

Similarly, the transmit circuitry 56 is coupled to an 
encoder 66 also coupled to the processor 60. The encoder 
30 encodes the data, such as voice data, enumeration data or 
data for enumerated devices in either piconet in an 
appropriate format to be recognized on the receiving end. 
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When the processor 60, for example, determines that 
data has been received which is not meant for the telephone 
16 but rather is intended for another device in the piconet, 
the encoder 66 appropriately encodes that information and 
5 transmits it using the appropriate transmitter, such as a 
cellular phone transmitter or the Bluetooth transmitter in 
one example. Thus, the power amplifier 48 may be capable of 
selectively providing either a Bluetooth signal or a 
cellular radio signal in one embodiment of the present 

10 invention. 

In accordance with one embodiment to the present 
invention, the software 68 may be responsible for 
establishing a non-radio frequency link between piconets 
that are not sufficiently proximate to one other to enable 

15 radio frequency communications according to a protocol such 
as the Bluetooth protocol. Initially, a link is established 
as indicated in block 70. The link may involve the actions 
indicated by arrows 30, 32, 34 and 36 in Figure 2. 

At diamond 72 a check determines whether a device in 

20 one piconet has a job for a device in another piconet. If 

so, remote enumeration data may be requested from the remote 
piconet as indicated in block 74. The remote device 
enumeration data may be received locally and incorporated 
into the local requesting piconet' s enumeration data to 

25 develop an enlarged or combined piconet as indicated in 

block 76. The combined piconet may enable temporary inter- 
piconet communications during the time period when a 
telephone connection remains established. 

Alternatively, the enumeration data may be exchanged 

30 automatically regardless of whether one device in one 

piconet has a job for a device in another piconet. After 
the enumeration data- is exchanged, a device in one piconet 
may assign a job to a device in another piconet. In one 
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embodiment some devices in a piconet may be marked so that 
they are not accessible to devices in another piconet, 

A check at diamond 78 determines whether the telephone 
link is still active. If so, the flow may iterate. 
5 Otherwise, the remote devices may be removed from the local, 
requesting piconet as indicated in block 80. 

While Figure 4 illustrates an embodiment in which the 
links and enumeration data are handled within any given 
telephone, this information may also be off-loaded to a 

10 telephone network or telephone service provider. For 
example, a telephone service provider may recognize 
particular types of appended data. In response to the 
detection of that data, the telephone service provider may 
make decisions and provide instructions to remote telephones 

15 to implement the exchange of piconet enumeration data (or 

other data) between various devices on one or more piconets. 
This may reduce the processing requirements placed on any 
particular telephone 16 or 20 in one embodiment. 

While an example is described using the Bluetooth 

20 protocol, other radio frequency protocols may be utilized as 
well including the IEEE 802.11 protocol. See 802.11-1997 
Information Technology Specification available from the 
Institute of Electrical and Electronic Engineers, New York, 
New York. In addition, while a telephone network 18 is 

25 illustrated as the non-radio frequency network used to 
expand the piconets 14 and 22, other networks may be 
utilized as well including a local area network (LAN), a 
metropolitan area network (MAN) or the Internet, as 
"additional examples. In each case, data from a shorter 

30 range, radio frequency network may be exchanged over a 
longer range, non-radio frequency network to extend the 
reach of devices in the shorter range, radio frequency 
network . 
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While an example has been described in which 
enumeration data may be packetized data and may be appended 
to packetized voice data, other forms of data communications 
may also be implemented. For example, enumeration data may 
5 be separately packetized and sent across a network. In some 
cases, the voice data and the enumeration data may travel 
over separate channels or by way of separate networks . In 
addition, other techniques may be utilized to transfer and 
encode the enumeration data. For example, the enumeration 

10 data may be converted into a high frequency audio signal 

that cannot be audibly perceived by humans and transferred 
over the telephone network 18 with other voice data. This 
information may then be decoded and utilized to expand one 
piconet across a remote access network to include another 

15 piconet. 

While the present invention has been described with 
respect to a limited number of embodiments, those skilled in 
the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended 
20 claims cover all such modifications and variations as fall 
within the true spirit and scope of this present invention. 
What is claimed is: 
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1. A method comprising: 

enumerating a plurality of devices in a first 
radio frequency network; and 

communicating information about said first radio 
5 frequency network over a non-radio frequency network. 

2. The method of claim 1 including automatically 
enumerating a plurality of devices in a Bluetooth radio 
frequency network. 

3. The method of claim 1 including developing 
10 enumeration data for a plurality of devices in a radio 

frequency network and communicating said enumeration data 
over a non-radio frequency network. 

4. The method of claim 3 including communicating 
information about said first radio frequency network over a 

15 telephone network. 

5. The method of claim 1 including enumerating a 
plurality of devices in a second radio frequency network. 

6. The method of claim 5 including combining said 
first and second radio frequency networks into a combined 

20 radio frequency network. 

7. The method of claim 6 including enabling any 
device in said first. radio frequency network to communicate 
over said non-radio frequency network with any device in 
said second radio frequency network. 



25 



8. The method of claim 7 including transmitting data 
between said first and second radio frequency networks over 

11 
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said non-radio frequency network at the same time that a 
voice communication is ongoing between a device in said 
first radio frequency network and a device in said second 
radio frequency network. 

5 9. The method of claim 8 including enumerating a 

cellular telephone in each of said first and second radio 
frequency networks. 

10. The method of claim 9 wherein one of said cellular 
telephones acts as a proxy for the devices in said first 

10 radio frequency network and the other of said cellular 

telephones acts as a proxy for the devices in said second 
radio frequency network. 

11. An article comprising a medium storing 
instructions that enable a processor-based system to: 

15 enumerate a plurality of devices in a first radio 

frequency network; and 

communicate information about said first radio 
frequency network over a non-radio frequency network. 

12. The article of claim 11 further storing 

20 instructions that enable the processor-based system to 
automatically enumerate a plurality of devices in a 
Bluetooth radio frequency network. 

13.. The article of claim 11 further storing 
instructions that enable the processor-based system to 
25 develop enumeration data for a plurality devices in a first 
radio frequency network and communicate that enumeration 
data over a non-radio frequency network. 



12 



WO 02/082773 



PCT/US02/10188 



14. The article of claim 13 further storing 
instructions that enable the processor-based system to 
develop communications about said first radio frequency 
network over a telephone network, 

5 15. The article of claim 11 further storing 

instructions that enable the processor-based system to 
receive enumeration data from a plurality of devices in a 
second radio frequency network coupled to said first radio 
frequency network by said non-radio frequency network. 

10 16. The article of claim 15 further storing 

instructions that enable said processor-based system to 
combine said first and second radio frequency network 
enumeration data to develop a combined radio frequency 
network . 

15 17. The article of claim 16 further storing 

instructions that enable the processor-based system to 
enable any device in said first radio frequency network to 
communicate over said non-radio frequency network with any 
device in said second radio frequency network. 

20 18. The article of claim 17 further storing 

instructions that enable the processor-based system to 
transmit data from said first to said second radio frequency 
network over said non-radio frequency network at the same 
time that a voice communication is ongoing between a device 

25 in said first radio frequency network and a device in said 
second frequency network. 

19. The article of claim 18 further storing 
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instructions that enable the processor-based system to 
implement cellular radio frequency communications. 

20. The article of claim 19 further storing 
instructions that enable a cellular telephone in said first 

5 radio frequency network to act as a proxy for other devices 
in said first radio frequency network. 

21. A device comprising: 

a radio frequency receiver; 
a radio frequency transmitter; and 
10 a processor to enumerate devices in a first radio 

frequency network and to enable information about said first 
radio frequency network to be transferred over a non-radio 
frequency network . 

22. The device of claim 21 wherein said radio 

15 frequency transmitter includes a cellular radio frequency 
transmitter. 



23. The device of claim 22 wherein said transmitter 
includes a Bluetooth transmitter. 

24. The system of claim 21 including a transmitter to 
20 transmit information over at least two different radio 

frequency networks as well as a telephone network. 

25. The device of claim 24 including a transmitter to 
transmit over a cellular telephone network and a Bluetooth 
network . 

25 26. The device of claim 21 wherein said processor is 

programmed to receive enumeration data over a non-radio 
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frequency network so as to combine the first radio frequency 
network with a second radio frequency network over said non- 
radio frequency network. 

27. The device of claim 21 including a receiver and a 
transmitter to implement a telephone link while 
simultaneously exchanging data received over a separate 
radio frequency link. 

28. The device of claim 21 wherein said transmitter 
packetizes voice data. 

29. The device of claim 28 wherein said transmitter 
packetizes enumeration data and transmits it with packetized 
voice data. 

30. The device of claim 29 wherein said device is a 
Bluetooth and cellular transceiver. 
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